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Abstract 
Superconducting fault current limiters (SFCL) are designed to protect the electrical grid from faults. The rapid 
increase of impedance of the SFCL reduces the short current in the circuit. In this paper, we present the design and 
development of coreless inductive SFCL for MV distribution systems. It is a very attractive design which reduces the 
weight of the device thanks to the coreless construction and the size of primary winding, reduced thanks to cryogenic 
cooling. The primary 2G HTS and secondary 2G HTS windings are magnetically coupled to one another. Copper 
primary winding connected parallely to the HTS primary winding is magnetically coupled to HTS windings and 
ensure that in cases of lack of cooling or superconductor failure, the protected circuit will not be disrupted. Tests 
performed at high power test facility shows the limiting performance of the coreless inductive SFCL. 
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1. Introduction 
The fault current limiting feature of the SFCL significantly reduces the wear and tear of transformers, 
and other power equipments [1]-[2]. The rapid increase of impedance of the SFCL reduces the short 
current in the circuit [3]. The main disadvantage of inductive SFCL’s is their high weight due to their 
heavy iron core, and the voltage drop across the limiter during normal operation caused by leakage 
reactance which, in turn, is caused by the space between the windings. The presented solution of a 
coreless construction reduces the weight of the device and the size of the primary copper winding.  
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2. Design 
 
Fig. 1. (a) Coreless single-phase SFCL-SN; (b) view of CAD model of one unit of SFCL-SN; (c) scheme of one unit of SFCL-SN 
Table 1. Parameters of coreless single-phase SFCL-SN 
Parameter Value 
Nominal voltage UN 6 kV 
Voltage across the limiter @ IN USFCL 0.75 V 
Nominal current IN 0.6 kA 
Weight m 180 kg 
Impedance @ 297 K Z @ 297 K 2.33 : 
Resistance @ 297 K R @ 297 K 140 m: 
Inductance @ 297 K L @ 297 K 7.4 mH 
Impedance @ 77 K Z @ 77 K 1.26 m: 
Resistance @ 77 K R @ 77 K 40.7 P: 
Inductance @ 77 K L @ 77 K 4.02 PH 
Table 2. Windings parameters of one unit of coreless single-phase SFCL-SN 
Winding Primary Cu Primary HTS Secondary HTS 
I.D. 556.6 mm 454.4 mm 454.4 mm 
O.D. 628.6 mm 466.2 mm 466.2 mm 
Height 59 mm 59 mm 59 mm 
IC - 4 x 299 A 4 x 297 A 
 
The increase of the magnetic coupling and the reduction of the leakage reactance is achieved by 
winding two SF12050 [4] tapes simultaneously one on top of the other. The primary copper winding is 
connected parallel to HTS primary winding which gives better coupling with secondary HTS winding. 
This results in a reduction of the voltage drop on the limiter in nominal conditions when the HTS tape is 
in the superconducting state. The coreless single-phase SFCL (Fig. 1a) comprises four identical units.  
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The SFCL unit has three windings wound on a plastic POM-C structure (Fig. 1b). The primary copper 
winding has 36 turns. The primary HTS winding has 10 turns of SF12050 tape and the secondary HTS 
winding has 10 turns of SF12050 tape (Fig. 1c). The main parameters of the SFCL-SN are presented in 
Table 1. The parameters presented in Table 2 refer to a single of the four units of the limiter. There are 
two separate structures one for superconducting windings – the inner ring and one for primary copper 
winding - the outer ring (Fig. 1b). The units are connected in series using 400 mm2 copper bars. There are 
4 rows in the inner ring of the structure. During the winding process the superconducting tapes from both 
reels are wound simultaneously in the same row. One tape is the primary superconducting winding; the 
other one is the secondary winding. The HTS tape is wrapped with 4.5 mm width polyimide tape. 
3. Numerical calculation 
The result of numerical FLUX2D model shows that prospective short-circuit current (the first peak) is 
limited by about 4 times, from 20 kA to 5 kA (Fig. 2a). The current distribution between the limiter 
windings rapidly change after a short – circuit. In nominal conditions, the current flows mainly through 
the primary HTS winding compensated by the shorted secondary HTS winding and the voltage on the 
limiter is 0.75 V. During a fault, the secondary HTS winding and primary HTS winding increases its 
resistance and the current starts to flow mainly through the copper primary winding. The impedance of 
the limiter increases due to an increase of HTS windings resistance and the exposure of copper primary 
winding inductance. The temperature of the primary superconducting winding increase up to 240 K after 
50 ms short - circuit (Fig. 2b). Temperature of secondary HTS winding is below 100 K after 50 ms short - 
circuit. The primary copper winding temperature remains almost unchanged within this time. 
 
 
Fig. 2. (a) Calculated courses of prospective and limited short-circuit currents; (b) calculated temperature of SFCL windings 
4. High Power Test 
 
Fig. 3. (a) Scheme of  laboratory test circuit; (b) experimental setup 
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Fig. 4. Comparison of current courses recorded during the test at 10 kV 
The limiter was cooled down using 460 litres of LN2. The limiter has been tested in the circuit 
presented in Fig. 3a and Fig. 3b. The capacitor bank C = 4.711 mF charged to 10 kV was discharged by 
closing the circuit breaker CB1. After 50 ms circuit breaker CB2 was open. The prospective current (first 
half) in the circuit 15.67 kA has been limited to 4.94 kA. The fault current limiting capability of presented 
coreless superconducting fault current limiter has been confirmed by the power test. 
5. Conclusion 
We have tested a coreless inductive SFCL at 10 kV. The high power test shows that the most 
dangerous first peak is limited. The parallel combination of primary copper windings and HTS winding 
significantly reduces losses in nominal conditions and ensures that in cases of lack of cooling or 
superconductor failure, the protected circuit will not be disrupted. It is a very attractive design which 
reduces the weight of the device thanks to the coreless construction and the size of the primary winding 
reduced thanks to cryogenic cooling.  
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